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A B S T R A C T

Background: : Mitomycin-C (MMC) has been used for treating stricture. Topical MMC has been proven to inhibit
fibroblasts proliferation and reduce the number of fibroblasts. Myofibroblasts are originally from fibroblasts. The
scarring potential of myofibroblasts has been documented in many anatomical sites. The purpose of this study is
to analyze the effect of topical MMC on myofibroblasts in healing anoplasty wounds in Wistar rats.
Methods: : An anoplasty procedure was performed on Wistar rats (n=30) that were subsequently randomly
placed into two equal groups; i.e., control and treated groups. In the treated group, topical mitomycin-C was
applied to the wound following the anoplasty procedure. Five rats in each group were weekly sacrificed. The
myofibroblasts in tissue samples were identified by immunohistochemical analysis of alpha-smooth muscle
actin. The total of myofibroblasts was evaluated by scoring methods. The Mann-Whitney test was used to analyze
the statistical significance of differences, and p values below 0.05 were considered to be significant.
Results: : The median myofibroblasts scores in the first week for the treated and control groups were 5 and 9,
respectively. In the second and third week, the median myofibroblasts scores were 6 for both groups. Statistical
evaluations revealed significant differences between the groups only in the first week (p=0.007).
Conclusions: : Topical MMC reduced the myofibroblasts in the first week of healing anoplasty wounds in Wistar
rats.

1. Introduction

Mitomycin-C (MMC) is a chemotherapeutic agent that has been used
as a topical medicine in stricture management at various sites, such as
eyes, upper respiratory tract, esophagus, urethra, vagina, and anus for
the last three decades [1–12]. For instance, Mueller et al., reported that
a single anal dilatation under sedation followed by a single topical

application of MMC for the management of anal stricture showed in-
creased anal diameter and improvements in defecation for all ten pe-
diatric patients [11].

Topical MMC can also act as anti-fibrotic agent, as it has been
proven to inhibit fibroblasts proliferation [6,7,10,12]. A study con-
ducted by Lee [10] showed that MMC inhibited rabbit and human
subconjunctival fibroblasts proliferation without affecting their
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migration or attachment [10]. An in vitro study using MMC on normal
dermal fibroblasts showed that the fibroblasts proliferation was sig-
nificantly decreased in a period of ten days [13].

The myofibroblasts are a specifically differentiated fibroblasts
which are characterized by the expression of alpha-smooth muscle actin
(α-SMA). The differentiated myofibroblasts are characteristic of con-
tracting granulation tissue in an open wound as well as practically all
fibrocontractive disease. The transition from fibroblasts to myofibro-
blasts is influenced by mechanical stress, transforming growth factor
beta 1 (TGF-β1), and cellular fibronectin. Myofibroblasts will disappear
by apoptosis when epithelialization occurs [14–16]. Myofibroblasts are
the primary extracellular matrix secreting cells (e.g., collagen type I and
III) during wound healing and fibrosis, and are mainly responsible for
the contractility of scar tissue as it matures [17]. The scarring potential
of myofibroblasts has been documented in many anatomical sites
throughout the body [16].

In our previous study, we observed a significant decrease in the
number of fibroblasts in the MMC treated group compared with the
control group [18]. As myofibroblasts are originated from fibroblasts,
then the suppression of fibroblasts proliferation should result in a de-
crease in myofibroblasts. Kim et al. have shown that the application of
MMC would lead to reduced keratocyte density due to increased ker-
atocyte apoptosis and the limited number of myofibroblasts within the
wound [12,19]. Could the significant decrease in fibroblasts lead to
myofibroblasts reduction as well? This study was conducted to analyze
the effect of topical MMC on myofibroblasts in healing anoplasty
wounds in Wistar rats.

2. Methods

This is an experimental study that sought to analyze the effect of
topical MMC on myofibroblasts in healing anoplasty wounds in Wistar
rats. Wistar male rats (control and treated groups; 15 rats each) were
used as the animal model to examine the effect of topical MMC on
myofibroblasts in anoplasty due to the similarity of their anal structures
with those of human [20,21]. Two weeks of adaptation periods in the
animal laboratory were allocated to all rats before they had the ano-
plasty procedure.

The anoplasty wounds were created via 5mm deep circumferential
incision at the anal verge that was extended until the anal sphincter
muscle was located followed by the placement of absorbable inter-
rupted sutures (Fig. 1A). All animals were anesthetized by the in-
tramuscular administration of 50mg ketamine. For the treated groups,
a diluted MMC solution at a concentration of 0.5mg/mL was applied
with a cotton swab that was placed for 5min over the entire anoplasty
wound for every sample (Fig. 1B), while the control groups did not
receive such treatment. All samples were provided with the same
wound care management for the first seven days. Wound care man-
agement with 3% povidone-iodine was administered twice per day,
once in the morning and afternoon. Oral antibiotics and analgesics were
given to every sample (Fig. 1C). On the 7th day (first week), 14th day
(second week), and 21 st day (third week) after the anoplasty proce-
dures, five rats in each group were sacrificed, and biopsies were taken
for the immunohistopathological examination using avidin-biotin per-
oxidase complex method (Fig. 1D) [18].

The immunohistopathological examinations were performed by a
qualified pathologist. The myofibroblasts in tissue samples were iden-
tified by α-SMA monoclonal antibody (GT×100034, GeneTex Inc.,
Irvine, California, the working dilution 1:100). The α-SMA expression
in immunohistopathological examinations was shown as a light to dark
brown staining at the cytoplasm in microscopic fields at 400x magni-
fication. The total of myofibroblasts was determined by a modified
scoring system based on the intensity and the percentage of the staining
area (Table 1) [22].

Statistical analyses were performed using Mann-Whitney tests.
Differences between the treated and control groups were considered

significant when p < 0.05. This study was approved by the Health
Research and Ethics Committee of Medicine Faculty, Hasanuddin
University, Makassar, Indonesia.

3. Results

The anoplasty wound of all samples in both groups had been mac-
roscopically healed by the first week after the surgical procedure. The
myofibroblasts scores for both groups during three weeks observation
are shown in Table 2. The median score of myofibroblasts in the first
week for the treated and control groups were 5 and 9, respectively. In
the second and third week, the median myofibroblasts scores for both
groups were 6. Statistical evaluations revealed significant differences
between the groups only in the first week (p=0.007).

Representative images of the immunohistopathological evaluations
of the treated and control groups are shown in Fig. 2. Significant dif-
ferences of the α-SMA expression in immunohistopathological ex-
aminations between the treated and control groups were observed in
the first week. The lowest α-SMA expression (score 5) was identified in
the treated group, while the highest α-SMA expression (score 9) was
observed in the control group.

4. Discussion

In our study, we observed a significant decrease in the number of
myofibroblasts in the treated group compared to the control group in
the first week of observation. This finding is consistent with previous
studies by Jester et al. [23] and Tawfik et al. [24], which were con-
ducted at different animal models and different anatomical sites. The
decrease of myofibroblasts in MMC treated group has raised concern to
many researchers about the adverse effects of MMC in the wound
healing process. Jester et al. [23] found that MMC induced DNA da-
mage leading to abnormal myofibroblasts differentiation, proliferation,
and gene transcription. Moreover, it was found that the DNA damage in
MMC treated keratocytes leads to long-term effects on myofibroblasts
differentiation and corneal repair in culture and animal wound healing
models [23]. The ability of MMC to impair and delay wound healing
was also reported by Gray et al [25]. This effect occurred due to the
ability of MMC to block DNA synthesis and thus prevent long-term fi-
broblasts proliferation [25]. Hirshoren and Eliashar [1] revealed that
the application of MMC might prolong the wound healing process by
causing cartilage necrosis and vocal cord atrophy.

In this study, all of the anoplasty wounds had healed macro-
scopically by the first week after the surgical procedure. The number of
myofibroblasts in the treated group increased and eventually resulted in
the same score as the control group after two weeks. The exact me-
chanism by which MMC could suppress the myofibroblasts differ-
entiation in the first week and then seems not to affect the myofibro-
blasts after two weeks remains unclear. Several possible explanations
exist.

MMC can reduce the number of fibroblasts by suppressing fibro-
blasts proliferation without any effect on the migration or attachment
[10]. These migrating fibroblasts might differentiate to myofibroblasts
leading to the increase of myofibroblasts. Another possible reason is
that the myofibroblasts did not solely derive from fibroblasts. Myofi-
broblasts have multiple cellular origins, including endothelial cells,
smooth muscle cells, pericytes, epithelial cells, hepatic perisinusoidal
cells, mesenchymal stem cells, and bone marrow-derived cells known as
fibrocytes [16,26].

A study by Limat et al. [27] showed that MMC or x-ray treatment
could accelerate the differentiation of postmitotic fibroblasts. This
study showed that postmitotic human dermal fibroblasts obtained by
MMC or x-ray treatment support the growth of cutaneous epithelial
cells very efficiently in vitro [27]. Shephard et al. [28] used keratino-
cyte-fibroblast monolayer coculture to investigate the influence of
keratinocytes on cocultured irradiated fibroblasts. It was revealed that
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the irradiation blocked fibroblasts proliferation in a manner similar to
MMC, but left their metabolic capacities mostly unchanged. It was also
reported that increased gene expression of extracellular matrix

Fig. 1. Documentation of representative procedures used in the study. (A) Anoplasty procedure. (B) Application of topical mitomycin-C in treatment group. (C)
Wound care procedures for both the control and treated groups. (D) Biopsy procedure for the histopathological evaluations.

Table 1
Modified scoring system for total myofibroblast based on α-SMA expression in
immunohistochemical examinations.

Score Intensity Staining Area Percentage

0 No No
1 Weak Less than 10%
2 Weak 10–50%
3 Weak More than 50%
4 Moderate Less than 10%
5 Moderate 10–50%
6 Moderate More than 50%
7 Strong Less than 10%
8 Strong 10–50%
9 Strong More than 50%

α-SMA= alpha smooth muscle actin.

Table 2
Comparisons of the total myofibroblast between the treated and control groups
during three weeks observation.

Observation Time Group n Median Range p*

1 st week Treated 5 5.0 5–6 0.007
Control 5 9.0 8–9

2nd week Treated 5 6.0 6–9 0.381
Control 5 6.0 5–9

3rd week Treated 5 6.0 6–9 0.572
Control 5 6.0 5–9

Note: *) p value obtained using Mann-Whitney test.
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constituents, such as several collagens, basement membrane proteins,
various proteoglycans, glycoproteins, and enzymes were observed,
which were associated with extracellular matrix processing and ma-
turation [28].

The biological effect of topical MMC has been shown to be influ-
enced by concentration and exposure time. Both increased concentra-
tion and exposure time might cause greater biological effects [25]. Our
study used a concentration of 0.5mg/mL and a single application of
5min. All of these factors might contribute to the increasing numbers of
myofibroblasts and the process of anoplasty wound healing over the
time of this research.

Our observation for anoplasty wound healing process was con-
ducted for three weeks after the surgical procedure because the wound
healing processes of rats are faster than those of humans. Rats only
require approximately 10–14 days to heal a wide-open wound [29–31].
Our study used sutured wounds, so we assumed the anoplasty wound
healing process would be faster.

This study has shown that the application of MMC to anoplasty
wounds in the Wistar rats resulted in reduced numbers of myofibro-
blasts. Such effect was only observed in the first week and no effect was
observed in the consecutive weeks of observation. No adverse effects
were found during the study. Our long-term aim is to eventually use
MMC immediately after surgical procedures to prevent scar formation
in postanoplasty wounds. Future studies would also be directed on the
identification of possible adverse effects that might be caused by topical
MMC on anoplasty wound healing, especially in the long term.
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